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Why We Must Invest in Science and Technolc
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character of war, not those who wait and adapt themselves after the
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Giulio Dauhet
Italian Airpower Theorist, 1928
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Shaping the Future Forc
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a !combination of technology, operationatoncepts,
and organizational construct¢o maintain our ability
to project combat power into any area, at a time and
place of our own choosingé f

Wargame
Simulate
Experiment
Analyze

Solutions

Feedback

*Speechby Defense Deputy Secretary Robert Work at the European Policy Center, ZDA@ril
http://www.defense.gov/News/Article/article/746336/worus-nato-mustuse-21stcentury-approachedor-deterrencedominance



Why Operational Agility Matters
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A Air Force Future Operating Concept:
AGLY Hnop !'C C2NDSa ¢gAff fSOSNI IS 2L
situation or enemy action. Operational agility is the ability to rapidly generage
and shift amongg multiple solutions foragiverOK | f £ Sy 3 S ®¢ LI ¢
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technologies permeate almost every object. Cyberspace will no longer be clearl

separable from the physical domains, as actions in cyberspace will create effect
allotherR2 Yl Ayadé @LIEADP c 6

http://www.af.mil/Portals/1/images/airpower/AFFOC.pdf
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Diverse portfolio of air/ space/cyber
capabilities

Multi-domain counters to A2/AD
environments

Modern munitions, emitters, and
platforms

Tailored forward presence and
streamlined logistics

Autonomous processing, exploitation,
dissemination

Reduced classification barriers

Advanced decision aids for
human/system teaming

Advanced M&S for multdomain
operations

Human/computer systems and
networks for secure collabottaon
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*Air Force Future Operating Concept: A View of the Air Force in2égember 2015
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AFFOC Implication

Improved trust relationships for enhanced
teaming

Mix of manned, remotely operated, and
autonomous systems

Modular and configurablesystems

Balanced pool of airmen expertise and
experience

Organic additive manufacturing
Cognitivelyready airmen

LVC training for multdomain operations
Optimized HumanrSystems Integration
HumanSystem teaming for ISRAC
Strong external partnerships
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Long Term Space S&T
Challenges

S1- Enhancednulti-domain and multtphenomenology Space
Situational Awareness, Battlespace Awareness, 48&

S2- Newtechnologies applicable to space basedpabilities
S3- Enhancedspace access aridgistics

S4- New concepts in space grounaperations

S5- Dynamicnew technologies applicable to all spasgstems



Long Term S&T Challenge:

Enhanced mulitdomain and multitphenomenology
Space Situational Awareness,

Battlespace Awareness and ISFS51
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Briefer: Dr MicheleGaudreault
Contributors: Kevin Hopkins
Bob Lopez




Why [S1] matters to AFSP

7, N
?,, S
Fopey W
_ et

A Current situation
A Stovepipesca @ aidSya R2yQd GlFf1 G2 2yS |yz2i
A Lack of reatime communication impacts situational awareness
A Data reliability
A Lots of disparate data, but lack ability to turn it into information
A Why this is not enough
A Distractors impact operations
A/ lyQil RAAOGAYIdZAEAK 0SUG@SSY yIFddz2NF t &l
A How should this look in the end?
A Quick identification of emerging threats

A Multi-level, multi-domain fusion of information to enable complete, redgime
Battlespace Awareness



Enhanced mulitdomain and multtphenomenology Space Situational Awarenes

Battlespace Awareness and ISB1
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S1.Enhanced multdomain and multtphenomenology Space Situational Awareness,
Battlespace Awareness an®R¢ Effective use of advancing sensor technologies to prowde

iInformation of activities in the terrestrial, air, and space domains, including exploitation of

multiple spectral regimes (infrared, ultraviolet, radio, optical, etc.), and the integration and human
interface of the sensederived information

Sl.a.Technologies that will provide commanders with jolecisional understanding of the space
situation, adversary actions, environmental variables, attribution (natural versusmaaie), and
present courses of action. Predictive technologies underpinned by trusted data sources and
resilient communication systems

S1.b.New technologies/techniques to improve visualization and understanding

S1.c. Technologienuld include improved sensors which will provide detection and characterization
of all events of interest in a format which will be ingestible by the Command and Control (C2)
systems

S1.d Revolutionize space and cyberspace Battle Management Command and Control (BMC2) and
Integrate these capabillities tightly with other muttomain military operations.



SA+ ISR = BATTLESPACE AWARENESS
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COLLECTION

What /s
Battlespace Awareness?

ISR &SA l | BATTLESPAC
. INFORMATIO AWARENESS

V- ANALYSIS, FUSION, &
PROCESSING & PRODUCTION

EXPLOITATION
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SSA & Predictive technologiessl.a
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A Technologies that will provide commanders with pdecisional understanding
of the space situation, adversary actions, environmental variables, attributio
(natural versus marmade), and present courses of action.

A Predictive technologies underpinned by trusted data sources and resilient
communication systems.
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A We needreliable data, advanced processing and analysis techniguasd
robust methods to convethe decision space to the commander.



New visualization technologies/techniquesS1.b
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A Newtechnologies and technique® improve visualization and understanding

A We need better ways to enable space operators to quickly comprehend anc
Integrate the diverse space environment technical collects and understand t
Implications of activities occurring in space.



Improved sensors for detection & characterizatiersl.c
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A Technologies could include improved sensors which will provide detection a
characterization of all events of interest in a format which will be ingestible
the Command and Control (C2) systems.

A Better characterization of the space environmegtand the ability to convey

Ingest that information into our C2 systemsis critical to attaining space
superiority



Integrated, Revolutionary BMC2 across all doma#$l.d
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A Revolutionize space and cyberspace Battle Management Command and
Control (BMC2) and integrate these capabilities tightly with other multi
domain military operations.

A To regain the upper hand in space and cyberspace, we need to transform o
C2 systems and fully integrate them with air, land, and sea military operatiot



Final Thoughtsg S1
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A Quick identification of emerging threats
A We need technology to enable the intelligent fusion of ISR and SSA to provi

decision quality information to commanders
A Multi-level, mult-domain, timely

A Fully integrated C2 systems with our joint and allied partners

A Questions:

A Can sensors be developed which operate in new or broader portion of the
spectrum?

A How can sensor information be processed (including integration of various types
sensors and missiatailored processing) and presented to personnel to enable
Improved, trusted, and timeensitive decisiomaking?
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Long Term S&T Challenge
New technologies applicabl®
space based systentsS?2
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HQ AFSPC/A8XMRAerospace
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Why [S2] matters to AFSP
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A Current situation
A Large stovepipe satellites with single missions

A Sitting ducks
A Oneof-a-kind satellites

A Why this is not enough
A Changing adversaries
A Changing technologies
A Everything is moving
A How should this look in the end?
A Completely networked
A Crossfunctional and resilient constellations
A Paradigm shift from today
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SA+ ISR = BATTLESPACE AWARENESS
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What /s
Battlespace Awareness?

ISR &SA l | BATTLESPAC
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V- ANALYSIS, FUSION, &
PROCESSING & PRODUCTION
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New technologies applicable to space based systen®$2
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S2 New technologies applicable to space based systems

a. Smaller, networked and functionally resilient satellites and/or satellite constellations fc
communications, position navigation and timing (PNT) , space situational awareness (S
and launch detection/missile warning operations in contested/degraded environments

b. Cognitive systems for secure, agile, andiseéling.
c. Spacecraft resilience to, and reconstitution from, natural and manmade events.

d. Electromagnetic spectrum amcko-electromagnetic spectrum technologies for
transmitting communications and satellite commands unimpeded and undetected.

e. Alternatives for ground and communications systems that increase capacity and
connectivity with new approaches and phenomenology, frequency, reuse, routing and n
concepts (e.g. waveforms, proliferated relay architectures, packetizing at spacecraft/rele
level, data management of variety of priority, data type, data sensitivity and latency
requirements).




@Q The Way Forward S2

A 2.a Smaller, networked and functionally resilient satellites and/or satellite
constellations for communications, position navigation and timing (PNT) , space
situational awareness (SSA), and launch detection/missile warning operations in
contested/degradedenvironments

A Keys:

A Smaller
A Networked
A Functionally Resilient

A Focus:

Comm

PNT

SSA

LD/ MW

Contested/degraded environments

To To T Do Ix



The Way Forward S2
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2. b. Cognitive systems for secure, agile, and gwtfling
A Keys:
A Thinking systems

A Rapidly moveable systems
A Systems that when damaged can fix themselves
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k] The Way Ahead S2
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2.C. Spacecraft resilience to, and reconstitution from, natural and manmade
events
A Keys:

A Resilience is a recurring theme

A If resilience fails; What is our reconstitution architecture and timeline

A Space is not a refuge or benign environment



@\ The WayAheadc S2
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2.d. Electromagnetic spectrum aneixo-electromagnetic spectrum technologies
for transmitting communications and satellite commands unimpeded and
undetected
A Keys:
A Electromagnetic spectrum is exhausted and sold off
A V & W band are inhospitable base of other bands
A s there new technology outside the electromagnetic spectrum?
A Desires:
A New sanctuaries for communications and satellite TT&C



k] The Way Ahead S2
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2. e Alternatives for ground and communications systems that increase capacity an
connectivity with new approaches and phenomenology, frequency, reuse, routing ar
node concepts (e.g. waveforms, proliferated relay architectures, packetizing at
spacecraft/relay level, data management of variety of priority, data type, data
sensitivity and latency requiremenis

A Keys:
A If we cannot exploit NEW technologies how do we BETTER exploit that which we have

A Waveforms
A Proliferated relay architectures
A Frequencies
A Reuse (Cognitive, Multiplexing)
A Packetizing
A Data management
A Data Type
A Data Sensitivity & Latency



FinalThoughtsg S2

Existing technologies are approaching exhaustion
A Spectrum is full and sold off

New Technologies are very applicable
Bring forward new concepts so there is time to develop them

We need to assess:
A Benefits
A Risks
A Limitations
A Timelines
A Defined work and commercial development??

A Questions (same as S1):
A Can sensors be developed which operate in new or broader portion of the spectrum?

A How can sensor information be processed (including integration of various types of sen
and missiorailored processing) and presented to personnel to enable improved, trustec
and timesensitive decisiomaking?
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10 min Break



Long Term S&T Challenges:
Enhanced Space AccesS3
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Introduction of Briefer: A2/3/6SR




@ AFSPC LoAterm S&T ChallengesS3
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S3.Enhanced Space Access and Logistis® of evolved techniques to deploy spdisesed capabilities,
such as multiplgpayload boosters, spagaane deployment, and corbit construction (2d,
robotic, minHfactory, space station)

a. Advancednnovations for space transport arservicing; newransport capabilities to and through space
logisticssupport capabilities for spaceshicles

b. Companiomicrosatellites attached on larger payloads, designed to separate and potentially connect wi
other microsatsto enable increased missi@ynergy

c. Development of lunabased or orbiting manufacturing station witkhC3 printing, construction capability,
fueling, and potential data relay or diagnostaapabilities

d. Robotic/remotecontrolled harvestersf defunct satellite components andaterialsto developor
regenerate satellites

e. Transatmosphericvehicleto nearspacewith subsequent boosbf a hosted space accegshicle

f.  Raitllaunched delivery system using magne#td-gunor othertechnologyto initiate scramjet or super
impulsepropulsion

g. Rapid Launch Capability to enable rapid reconstitution of sjpased capabilities

A Other AFSPC/GCY dza i KI @Saéy
A Robust, responswe and resilient space transportation capabilities that are available to enable and advance civ
)/Iu)\zyl &S OdzNA U & Y)\aa)\zyaCDa ob{¢tZ HM b2@ Mo

Aomo GKS FT@FAflroAftAGeE 2F a4 t£Slad G2 aL)l OS f I dzy OF
Ol asSoé 6!'{/ ¢AGES mMnE {dzo0AGES !'Z tFNIO LxX [/ KF LJ
A Other goals in space access: Mission Assurance, Public Safety, Return to Flight following errant events



ASSURED SPACE
ACCESS VISION

23 August 2016

HQ AFSPC/A236SR

These charts were removed for public release.




